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[Designation of Document] SPECIFICATION 

[Title of the Invention] Optical Disk 

Recording/Reproducing Device 

[Claims] 

[Claim 1] In a device for recording information 
optically in a recording medium on a turning disk, an 
optical disk recording/reproducing device characterized: in 
that there is prepared in the disk a guide groove which is 
varied in shape according to its position to have a spatial 
frequency other than zero; and in that an information 
recording signal modulated to have a higher frequency band 
than the optical cut-off frequency determined by an optical 
system is recorded along said guide groove. 

[Detailed Description of the Invention] 
[0001] 

[Application Field in Industry] The present 

invention relates to an optical disk device for 
recording/reproducing information optically and, more 
particularly, to a signal recording/reproducing system. 
[0002] 

[Prior Art] The information signal of the optical 
disk of the prior art is recorded on the optical disk in an 
optically recognizable mode such as corrugations, density 
pits, phase -changing pits or photo-electromagnetic domains. 

[0003] The lengths of the pits and the domains have been 
determined according to the characteristics of the optical 
system for reproducing them. Specifically, the 

reproducibility of the optical system is determined by the 
NA (Numerical Aperture) of an objective lens and the 
wavelength X of a laser employed, and the resolving power 
is expressed by using a special frequency or a reciprocal 
of the pitch of the grating to be resolved. The spatial 
frequency, at which the resolution is impossible, is called 
the cut-off spatial frequency Fc. Under the aforementioned 
conditions, the cut-off spatial frequency is usually 
expressed by: 

Fc = 2NA/X. (Eq. 1) . 

[0004] Therefore, the pitch lengths of the pits expressing 
the information and the domains are not made shorter than 
the grating pitch which is determined by the aforementioned 
cut-off spatial frequency. 

[0005] 

[Problems to Be Solved by the Invention] Therefore, 
the information recording density is limited by the 
resolution of the optical system. The invention has an 
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object to improve the recording density better than the 
prior art by making the pitches of the pits expressing the 
information and the domains shorter than the limit grating 
pitch which is determined by the resolution of the optical 
system of the prior art . 
[0006] 

[Means for Solving the Problems] Therefore, there is 
prepared a guide groove having a predetermined period, 
along which there are recorded the information pits and 
domains having a shorter pitch than the limit grating pitch 
determined by the resolution of the optical system. 
Alternatively, the guide groove and the information pits 
may be simultaneously prepared. The signal detected by the 
optical system is multiplied by a signal synchronized with 
the guide groove . 
[0007] 

[Functions] When the guide groove, the information 
pits and the domains are irradiated with an optical spot, 
the reflected beams, which are frequency-divided with the 
spatial frequency from the guide groove, the information 
pits and the domains by the optical interferences such as 
the diffractions or the Kerr effects, return to an 
objective lens. At this time, the angle of reflection from 
the disk corresponds to the spatial frequency. The 
objective lens transmits such a beam reflected from the 
disk as has an angle other than that determined by the 
numerical aperture of the lens. In short, the objective 
lens is a low-pass filter from the standpoint of the signal 
transmission . 

[0008] If the density pits are taken as an example, the 
synthetic reflection characteristics when both the guide 
groove and the information pits are present are expressed 
by Fl(x) F2 (x) , if the reflection characteristics of the 
guide groove are designated by Fl (x) and if the reflection 
characteristic of the information pits are designated by 
F2 (x) . If the spatial frequency component of Fl is 
designated by HI (y) and if the spatial frequency component 
of F2 is designated by H2 (y) , the spatial frequency 
component H(f) of the reflected beam is a convolution of HI 
and H2 . Now, if a sinusoidal wave is varied as the guide 
groove in the depthwise direction at a constant period pi, 
as illustrated in Fig. 1, the spatial frequency component 
of the groove has only one frequency yl . The frequency 
component y2 of the information pits is shifted by the 
convolution to the frequencies of yl+y2 and yl-y2. Since 
the spatial frequency component of yl+y2 is not transmitted 
through the passband of the lens, what is transmitted 
through the lens is the frequency component of yl-y2. The 
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quantity of the reflected light, as transmitted through the 
lens, is guided like the optical disk of the prior art into 
one optical detector so that it is photoelectrically 
converted into an electric signal. In this electric 
signal, there appears only the signal frequency component 
of fl-f2, as corresponds to yl-y2 determined by the linear 
velocity and the spatial frequency. By multiplying this 
electric signal electrically by the sinusoidal wave having 
a frequency fl, therefore, there are obtained a signal 
component having a frequency f2 and a signal component 
having a frequency 2f l-f2. The former signal component 
and the latter signal component are separated by the 
electric signal treatment using a frequency or phase. 
Then, it is possible to extract only the signal component 
that has the electric frequency corresponding to the 
spatial frequency of the information pits. As a result, it 
is possible to reproduce the information pits and the 
domains which have a higher frequency than the cut-off 
spatial frequency, as determined by the optical system 
although could not been reproduced in the prior art , 
thereby to effect a high-density recording. By modulating 
that groove with a higher spatial frequency than the cut- 
off spatial frequency of the optical system, on the other 
hand, there can be solved the various problems which have 
been caused in the prior art by the thermal recording 
principle of the optical disk. If the recording is 
repeated in a phase changing medium as the recording 
medium, for example, the phase changing film will be 
fluidized to deteriorate the reproduced signal quality 
thereby to limit the number of repetitions. By modulating 
the groove like before, on the contrary, the resistance to 
the fluidization between the groove and the substrate can 
be increased to improve the repetition number. On the 
other hand, the photo-electromagnetic recording film has a 
higher heat conductivity than that of the remaining 
recording films so that the pit shapes and positions are 
changed by the thermal interference from the domains before 
and behind. According to the present guide groove, 
however, the effective heat transfer distance can be 
elongated to reduce the influences of the thermal 
interference . 
[0009] 

[Embodiments] Fig. 1 illustrates the concept of the 
invention. A guide groove 1 is varied sinusoidally in the 
depth direction at a constant period pi. A recording film 
5 is vapor-deposited on the guide groove. Density pits 2-1 
to 2-9 to be recorded on the recording film 5 finely vary 
across an average pit pitch p2 . This pitch p2 is shorter 
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than the pitch pi. An irradiation spot diameter Ws3 (where 
the intensity 4 takes a value of l/e*2, for example) to be 
formed on the disk face by an objective lens 6 has a pitch 
twice or more than pi. With a linear velocity v [mm/s] and 
a spatial frequency y [Hz/mm] , there is a relation of f = 
y v to an electric frequency f [Hz] . At an equal linear 
velocity, a linear relation holds between y and f. Hence, 
the description will be made using the electric frequency 
for simplifying it. Fig. 2 illustrates signal bands of the 
invention. Here will be exemplified the so-called "video 
disk" for FM-modulating the TV signal of NTSC directly as a 
signal and for recording them on the optical disk. The 
modulation frequency of the sink tip of video signal is 
made to correspond to the existing value of 7.6 MHz whereas 
the white peak frequency is made to correspond to 9.3 MHz, 
so that the video signal band of 3.8 MHz is FM-modulated . 
This FM signal occupied band is about 7.5 MHz. The cut-off 
frequency of the optical system at this time is 12 MHz. 
The frequency of the guide groove at this time is selected 
to 12 MHz . The central frequency of the FM modulation is 
set to 18 MHz, and the signal having the occupied band of 
11 MHz of the FM signal is recorded in the mode of density 
pits. When the transmitted beam from the objective lens is 
detected by irradiating the disk with the optical spot, the 
photoelectrically converted signal is FM waves having a 
central frequency of the FM modulation of 18 MHz to 12 MHz, 
i.e., 6 MHz and an occupied band of 11 MHz. By multiplying 
the FM waves by the sinusoidal signal of 12 MHz 
synchronized with the frequency of the guide groove, there 
are produced the FM signal having a band of 11 MHz around 
the central frequency of 18 MHz of the FM modulation, and 
signal components of an occupied band of 11 MHz around 6 
MHz. Here, the necessary FM signal can be detected by 
using a filter to be cut off with 12 MHz. Here, this 
signal cannot be optically decomposed for obtaining the 
electrically synchronized signals of 12 MHz, and pits 
having a spatial frequency corresponding to 6 MHz of one 
half are generated simultaneously with the guide groove. 
For generating the 12 MHz, the pits of 6 MHz are 
multiplied. At this time, the phase of 12 MHz is not 
determined. Therefore, a signal of two series having a 
phase difference of radians is generated, and it is 
sufficient to select either series in view of that signal 
and the result of their multiplication by the detected 
signal. At this time, a pilot signal for the 

discrimination may be added to the modulated signal of the 
information . 

[0010] Fig. 3 is a block diagram of a specific 
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recording/reproducing device. A video signal 11, as taken 
by a cameral 10, is converted by an FM modulator 12 into 
the FM signal having a central frequency of 18 MH and a 
modulated signal band of 11 MHz, and is inputted to a 
modulator 13 for driving a laser light source 14 thereby to 
modulate the light source 14. Although not specified in 
this device, the recording/reproducing operations are 
performed by performing the automatic focusing servo 
tracking, as in the ordinary optical disk device, and by 
guiding such an optical spot 17 along the guide groove as 
has been condensed by the objective lens 6 from a luminous 
flux 15 emanating from the light source. An optical disk 
16 is turned by a turning drive mechanism 18. Like the 
recording operation, the signal reproduction is performed 
by guiding the optical spot 17 into the guide groove 1 and 
by reading out the pits recorded along the guide groove. 
The reflected luminous flux having passed through the 
objective lens 6 is separated by a luminous flux separating 
element 19 into the incident light and the reflected light, 
of which the reflected light 18 is introduced into an 
optical detector 20. The electric signal, as 

photoelectrically converted by the optical detector 20, has 
a signal component of 11 MHz as the band. This signal is 
inputted to a synchronizing signal detector 21 for 
detecting the signal synchronized with the modulation 
frequency of 12 MHz of the guide groove. When the 
synchronizing signal is detected, its timing is transmitted 
to a synchronizing reference signal generator to generate a 
synchronizing reference signal 23 or signal of the same 
frequency synchronized with the modulation frequency of 12 
MHz of the groove. The signal 23 and the photoelectrically 
converted electrical signal are electrically multiplied by 
a multiplier 24, and the necessary FM signal is exclusively 
extracted by a band filter 25 and is demodulated into the 
video signal 11 by an FM demodulator 26. This demodulated 
signal is inputted to a receiver so that a TV image of a 
higher quality than that of the prior art can be seen. 
[0011] In place of the electric multiplication of the 
signal of 12 MHz synchronized with the guide groove, 
according to another embodiment, the laser may be 
intensity-modulated at the reproduction time. For this, 
the signal 23 from the synchronizing signal generator is 
inputted to the modulator 13 so that the reproduced light 
of the laser is modulated with the same frequency 
synchronized to 12 MHz. As a result, the signal from the 
optical detector has a signal band component similar to one 
which comes out to the multiplier 24, as exemplified in the 
foregoing embodiment. However, the multiplier 24 can be 
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dispensed with in this embodiment. 
[0012] 

[Effects of the Invention] Even when the FM- 
modulated signal band of 7.5 MHz thus far limited by the 
optical limit frequency of 12 MHz is used in the same 
optical system, as has been described hereinbefore, the 
signal band can be widened to 11 MHz so that the video 
signal having a signal band of about 1.5 times as wide as 
that of the prior art can be recorded in and reproduced 
from the optical disk. As a result, even the video disk of 
the prior art can record/reproduce the EDTV and further the 
HDTV in combination with another function. 

[Brief Description of the Drawings] 

[Fig. 1] A diagram of relations among the spot, the groove 
and the pits for illustrating the concept of the invention. 

[Fig. 2] A diagram illustrating relations of the signal of 
the invention on a frequency axis. 

[Fig. 3] A block diagram of the recording/reproducing 
device . 

[Designations of Reference Numerals] 

1 - - - Guide Groove; and 5 - - - Recording Film 
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[Designation of Document] ABSTRACT 
[Abstract] 

[Object] To realize an optical disk for 

recording/reproducing information pits having a higher 
spatial frequency component than the cut-off spatial 
frequency, as optically determined, and domains. 
[Constitution] There is provided a guide groove 1 having a 
high frequency component so that pits having a higher 
frequency component than the optical cut-off frequency and 
domains 2-1 to 2-9 are recorded along the guide groove 1. 
The signal from the information pits is reproduced by 
multiplying the signal, as detected in an optical system, 
by a signal synchronized with the groove. 

[Effects] The information pits having a higher frequency 
component than the optically determined cut-off frequency 
can be reproduced to record the information in a higher 
density than that of the prior art. 

[Selected Figure] Fig. 1 



8 



Fig. 1 



Pi 



1 



Repetition Period 
Guide Groove 



2-1 Central Period of Recorded Signal 
Recorded Bit String 



Fig. 2 

Gain 

Frequency 

Optical Frequency Characteristics 
Band of Prior Art 
Carrier Frequency 
Central Frequency 
Modulated Band 

Fig. 3 



6 


Objective Lens 


10 


Camera 


12 


FM Modulator 


13 


Modulator 


14 


Light Source 


16 


Disk 


18 


Turning Drive Mechanism 


19 


Luminous Flux Separating Element 


20 


Optical Detector 


21 


Synchronizing signal Detector 


22 


Synchronizing Reference Signal 


24 


Multiplier 


25 


Band Filter 


26 


FM Demodulator 


Receiver 



4 
5 
6 



Spot Distribution 
Recording Film 
Objective Lens 



9 



r 

(19) JAPANESE PATENT OFFICE (JP) 
(12) Publication of Unexamined Patent Application (KOKAI) (A) 



(11) Japanese Patent Application Kokai Number: HEI 4-325924 



(43) Kokai Publication Date: November 16, 1992 


(51) Int. CI. 5 Identification Symbol JPOFileNo. Fl Technical Indication 


G 1 1 B 7/00 






T 9195-5D 


7/007 


9195-5D 


Request for Examination: Not requested 


Number of Claims: 1 (4 pages total) 


(21) Application Number: HEI 3-96798 


(71) Applicant: 000005108 


Hitachi Seisakusho 


(22) Filing Date: April 26, 1991 


4-6 Surugadai, Kanda, Chiyoda-ku, Tokyo 




(72) Inventor: Takeshi Maeda 




c/o Central Laboratory, Hitachi Seisakusho 




1-280 Higashi-Koigakubo 




Kokubunji, Tokyo 




(74) Agent: Katsuo Ogawa, Patent Attorney 



(54) [Title of the Invention] Optical disk recording and playback apparatus 
(57) [Abstract] 

[Objective] To implement an optical disk that records and plays back information pits and 
domains that have frequency components in spaces higher than the optically determined cut-off 
space frequency. 

[Constitution] A guide groove 1 that has a high-frequency component is established and, in 
keeping with this component, pits and domains 2-1 through 2-9 that have frequency components 
higher than the optical cut-off frequency are recorded. Signals from the information pits are 
played back by applying a signal synchronized to this groove to the signal detected by the optical 
system. 

[Effect] Information pits that have frequency components higher than the optically determined 
cut-off frequency can be played back to enable recording of information at a density higher than in 
the prior art. 



<FIGURE 1> 
[Key] 

a. Objective lens 

b. Spot distribution ' 

c. Repeat cycle 

d. Recording [illegible] 5 

e. Cross-section of guide groove 1 

f. Recording signal center cycle 

g. Recording pit row 
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